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ABSTRACT 

This thesis presents an overview of the Availability 
Centered Inventory Model (ACIM). Information and analyses 
are provided for the system and support hierarchies, rudi- 
mentary assumptions, and the maximum availability calcula- 
tion envisioned by ACIM. A discussion on the procedures 
used to develop a LAMPS MK III helicopter availability- 
centered allowance list is presented. This allowance list 
is then used as a basis for for selection of LAMPS MK III 
Pack-up Kits (PUKs). The PUKs selected are analyzed via the 
statistics provided by ACIM in its Statistical Summary 
Report. The objective of this analysis is to provide an 
understanding of some of the strengths and weaknesses of 
ACIM whan it's used as a decision aid or analysis tool. 
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I. INTRODUCTION 



The Light Airborne Multi-Purpose (LAMPS) MK III is an 
aircraft developed principlely for use as an airborne exten- 
sion cf smaller surface combatants' mission capabilities. 
Therefore, the LAMPS MK III (designated the SH-60B) is 
tasked tc perform many missions. Its primary mission is 
Anti-Submarine Warfare (AS W) . Its secondary mission is 
Anti-Ship Surveillance and Tracking (ASST). The other 
missions which LAMPS MK III must perform include Search and 
Rescue (SAR) , medical evacuation, VERTical REPlenishmenn 
(VERTREP) , and communicatio n relay. 

The missions that LAMPS MK III can potentially be tasked 
with dictate that a high state of operational availability 
be mairtained. The high operational availability needed was 
shown tc be unsu pportab le by standard Fleet Support 
Improvement Program (FLSIP) methods. Therefore an alternate 
method for sparing the LAMPS MK III was sought. 

In March 1981, after various sparing concepts were 
explored, the Chief cf Naval Operations (CNO) directed the 
use cf the Availability centered Inventory Model (ACIM) for 
LAMPS MK III Pack-Dp Kits. A Pack-Up Kit (PUK) can gener- 
ally be considered as an aviation-oriented collection of 
spare parts that is located aboard a host ship. The details 
of the LAMPS MK III Fack-Up Kit are discussed later. The 
Availability Centered Inventory Model (ACIM) was designed 
and developed principally by Mr. Andrew Clark of CACI-Inc. 
Federal. It is an extension and generalization of such 
previously developed provisioning models as METRIC 
(Multi-Echelon Technique for Recoverable Item Control) , 
HOD-METRIC (Model for a Multi-Item, Multi-Echelon, 
Multi-Indenture Inventory System) and LS EE (Logistic Support 
Economic Evaluation) . 



The objective of ACIM is to provide a provisioning model 
based upon an optimal inventory policy. The objective func- 
tion may be defined as one that determines the least cost of 
spares stockage to attain a specified level of operational 
availability, or conversely, the objective function may be 
to provide the most operational availability for a pre- 
determined level of inventory investment. The most recent 
version cf ACIM, version 2.0, allows the user compare the 
results cf the Availability Centered Inventory Rule (ACIR) 
with any cne of seven alternative stocking policies. 

The purpose of this thesis will be to examine the use of 
ACIM in the context of LAMPS MK III PUK sparing. First, the 
underlying supply and system structures envisioned by ACIM 
are introduced in Chapter II. An overview of ACIM implicit 
and explicit assumptions are reviewed; then the availability 
calculations are developed and the effects of the assump- 
tions on these calculations are discussed. The input data 
required to run the model, rhe model structure and the 
reports generated by ACIM also are presented in Chapter II. 

Chapter III discusses the limitations of of ACIM for 
sparing the LAMPS SK III PUK and discusses the specific 
allowance list used in this study. Chapter IV provides an 
analysis of the PUK spared by ACIM. Sensitivity analysis is 
performed or. various model parameters and attributes. This 
thesis dees not propose how to enhance the viability of the 
ACIM calculations but it does present ACIM behavior when 
sparing the LAMPS MK III PUK in a single-site, single- 
echelon environment. Attention is drawn to some strengths 
and weaknesses in using ACIM as a decision aid or analysis 
tool. Conclusions from this analysis are presented in 
Chapter V. 
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II. AVAILABI LITY C ENTERED INVENTORY MODEL 

The model utilized in this thesis is the Availability 
Centered Inventory Model (ACIM), version 2.0, developed by 
CACI-Inc Federal and implemented by Henry J. Watras for use 
on the Naval Postgraduate School IBM 3033. 

A. INTRODUCTION 

ACIM is a computer model written in PL/1 that can be 
used tc calculate steady-state, optimum spars parts inven- 
tory requirements for all items in a multi-indentured system 
at designated stockage locations throughout either a multi- 
echelcn cr single-echelon supply support system. This tech- 
nique, referred to as the Availability Centered Inventory 
Rule (ACIR) , determines stcckage amounts such that a given 
level of equipment operational availability is attained at 
least cost in terms cf inventory investment, or conversely, 
determines maximum operational availability from a given 
fixed inventory investment. 

The model also has the ability to compare ACIR stockage 
policy tc one of the following stockage policies: 

(1) Maintenance Criticality Oriented (MCO) Consolidated 
Allowance List (COSAL) policy; 

(2) .25 FLSIP COS A I policy* ; 



1 FLS IP is an acronym for Fleet Support Improvement 
Program. The .25 reflects the level of demand needed to be 
established as .25 per year, or .0625 per quarter, in order 
to stock an item. If demand per quarter is greater than or 
equal to 1.0, then stockage is established for a 90 percent 
protection against stockout of the item at that site. When 
the quarterly demand rate at the site is between .0625 and 
1.0, then the Minium Replacable Unit (MRU) of the item is 
stocked at the site. 
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(3) Center for Naval Analyses (CNA) Modified COSAL policy; 

(4) User-defined protection policy against individual item 
stockout ; 

(5) User-specified item inventory levels at the various 
supply sites ; 

(6) Department of Defense Instruction 4140.42 provisioning 
policy; and 

(7) Uniform Inventory Control Point wholesale policy. 

The current version of ACIM, if used in a multi-echelon 
support system, is capable of computing stockage levels for 
operational units as well as for intermediate and depot 
maintenance facilities that support the equipment. The 
maximum number of items and stockage locations that can be 
considered depends on the amount of random access memory of 
the computer used. The items stocked may be consumable, 
repairable, or any mixture thereof. Each item is treated as 
being unique; for instance, if the same item appears mere 
than once in the input, each appearance is treated as if it 
were a different item insofar as model operation and 
stockage requirements are concerned. 

Even though the model is capable of recognizing interre- 
lationships of equipment parts in a hierarchical breakdown 
(multi-indentured) structure in a multi-echelon supply 
support system, these features need not be fully exercised 
in a given application. 
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B. DESCRIPTION OF SYSTEM AND SUPPLY ORGANIZATION 
1 . Multi- In den t cred Syste m 

The ACIM model uses a hierarchical breakdown struc- 
ture to describe a system. 2 This is usually referred to as a 
multi-indentured system. 

In Figure 2.1 the equipment (system) is theoreti- 
cally composed of the aggregation of all items from the 




INDENTURE 

LEVEL 



( 1 ) 



( 2 ) 



( 3 ) 

( 4 ) 



Figure 2.1 Multi-indenture Structure Employed by ACIM. 

second indenture level. An item in the second level of 
indenture is referred to as a Weapon Replaceable Assembly 
(WRA) . These WRA's consist of lesser components called Shop 



2 The terms system and equipment are used interchangeably 
throughout this article. 
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Replaceable Assemblies (SRA). The indenture structure 
continues to break the system down into sub-SRA's, 
sub-sub-SRA * s r et cetera, until the system is described to 
the level of detail defined by the user's data. 

Inherent in this system portrayal is the assumption 
that a failure anywhere within the structure creatures a 
failure (dcwn- time) 3 for the entire system. This equates to 
a system constructed in series. 

2. Mul ti- Echelon Supp ort 

ACIM is capable of considering a single-* or 
multi-echelcn support organization. 

Figure 2.2 shows a typical supply support system in 
the Navy. If the single echelon mode is selected then ACIM 
just stocks the lowest echelon. The highest echelon in the 
Navy, the site originating supply support or spares provi- 
sioning, is not included in Figure 2.2 . The site which 
handles this provisioning function is usually one of the two 
Inventory Control Points (ICP). The Aviation Support Office 
(ASO) in Philidelphia, Pa. generally manages aviation 
related spare parts while the spare parts for ships are 
managed by the Ships Farts Control Center in Mechanicsburg, 
Pa. 



3 * Lev el- of -Rep air Ana lysis 

The glue that holds the maintenance activities and 
the supply activities together is the Level-Of-Repair (LOR) 
analysis. As stated in MIL-STD- 1 3903, the purpose of LOR is 
to establish a least-cost feasible repair or discard deci- 
sion alternative when performing system maintenance actions 



3 The concept of down-time will be discussed at length 
later in the chapter. 

* A single-echelcn support system. in Naval Aviation 
terminology, is called organizational level. 



16 



SUPPORT 

ECHELON 




i i 



Figure 2.2 Example Multi- Echelon Support structure. 

and tc influence system design in that direction. Measures 
of system effectiveness such as operational availability are 
not included in LOR analysis as policy considerations. 

The major outcome of LOR analysis, in Navy termi- 
nology, is the development of the Source, Maintenance, and 
Recoverability (SM&R) codes. The SM&R codes reflect policy 
regarding whether an item should be discarded or repaired at 
the depot, intermediate, or organizational level. The first 
two characters of this five character code are not used by 
ACIM. The third character specifies the lowest echelon of 
maintenance authorized to remove and replace an item. The 
fourth character specifies the lowest echelon authorized to 
repair the item. If the item is to be discarded, the fifth 
character designates the echelon level which may dispose of 
it. 
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C. MODEL THEORY 



1 . Model Assump tions 

In a model, assumptions must be made to squeeze the 
infinite variables of reality into a finite set with which 
one can reasonably deal. Principle assumptions and limita- 
tions of ACIM are summarized as follows: 

1. Parts are organized within a system (equipment) 
with a top-down breakdown that can be viewed as a 
network (see Figure 2. 1) . 

2. Stocka ge/maintena nee facilities are organized in a 
hierarchical structure according to supply/maintenance 
flows which can te represented as a network similar to 
the example given in Figure 2. 2 . Each facility has a 
colocated maintenance and supply capability. Indenture 
levels in the support hierarchy are referenced as 'ech- 
elons' according to normal supply terminology. This 
network assumption precludes lateral resupply at a 
given hierarchy [Ref. 1], 



3. All stockace lo 


cations 


use a 


con tino us 


review. 


cne-for-one ordering 


policy. 


This 


means each 


time a 


failure (demand) ccc 


urs the 


suppor 


t echelon 


is put 



into motion. 

4. External demands upon supply are stationary and 
ccmpound-Poisso r distributed. Therefore, systems are 
assumed to operate at a constant rate over a reasonably 
long period of time. 
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5. Mean Time Tc Repair (MTTR) items is defined as a 
constant by an input parameter and includes all equip- 
ment dcwn times that are not supply related. 



6. Average turn-around-time for each repairable item 
assumes that subparts needed for repair are available. 



7. Component failures are considered to be independent 
of each other. 



8. Nc further demands for parts can occur when one or 
more systems are unavailable. This means that when a 
failure occurs at a site then all equipments at that 
site can not generate demands until the degraded equip- 
ment is repaired. This is roughly the equivalent of 
having all systems wired together in series. 



9. ACIM assumes that systems are operated only at the 
lowest echelon. 



2 . Dev elopmen t cf the Maximum Availability C a lculaticn 

ACIM implements a basic definition cf operational 
availability, Aq ,as: 

UP-TIME 

» = . (eqn, 2.1) 

UP-TIME + DOWN-TIME 

When this defintion is used on a system such as an aircraft, 
the terms up-time and down-time can be misleading. If cne 
considers up-time tc be the time periods for which an 
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aircraft is Full Mission Capable (FMC) , then the aircraft is 
considered down whenever it is less than FMC even though the 
aircraft may actually be operating with degraded performance 
(and possibly accumulating more component failures). This 
model ancmcly will be discussed in more detail later. 

Op-time is described by the terra, 

Mean-Time-Between- Failure ( MTBF) . Down-time is character- 
ized by two basic quantities: 1) Mean-Time-To-Repair ( MTTR) 

the component and 2) Mean-Supply-Response-Time (MSRT) . MTTR 
is the average, actual amount of time needed for fault, 
isolation, removal, and replacement of a discrepant Weapon 
Replaceable Assembly (WRA) or Shop Replaceable Assembly 
(SRA) . This tacitly assumes the requisite parts are immedi- 
ately available when maintenance is being performed. MSRT 
is considered to include Order and Ship Time (O&ST) as well 
as expected delays due to shortages at higher echelons of 
support. Graphically, this is represented in Figure 2.3. 



Failure 

1 1 


Failure 




r* 1 MTBF 

— OT | 


i | 


1 Calendar Time 


MTTR + MSRT — J 


1 



i i 



Figure 2.3 Failure and Repair Cycle. 
The definition of A 0 can therefore be written as 



MTBF 

MTBF + MSRT + MTTR 



(eqn. 2. 2) 
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ACIM uses MTEF and MTTB (measured in days) as inputs 
which are subsequently held constant. The MSRT factor is 
the only one dependent upon stockage postures and is there- 
fore the one that is changed by the modal to achieve a given 
value of A 0 [Ref. 2]. As is seen in equation 2.2, the 
smaller the MSRT the tetter availability becomes. However, 
minimization of MSRT is close to, but not equivalent with, 
maximization of A^Ref. 3]. 

MSRT represents the expected delay time for a given 
site to receive an item through the echelon support struc- 
ture after a demand 5 occurs. ACIM calculates MSRT as: 

oo 

T = -T- (X-S) *Pr (X;^T) (eqn. 2.3) 

A 

mean demand rate of the item; 
initial stock level of the item at the site; 
and 

Poisson, Negative Binomial or Normal 6 prob- 
ability of X units of the item being 
demanded during time T. 

T is the mean stock replenishment time and is calculated by 
the equation: 

T = Pa * ( R+ R ’ ) + (1 - Pa) * (L+L ' ) (eqn. 2.4) 

where: 



MSI 



where : 

X 

S 



Pr(X;^T) = 



5 A failure is assumed to create an immediate demand, and 
the terms are considered interchangeable. 

6 The distribution used for backorder days depends upon 
the mean and variance of the parts selected. 
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Pa = the probability that the item is not repai- 
rable; 



R = the average supply lead time from the next 
higher supply source; 

R' = the additional resupply time if the item is 
not in stock at the next higher echelon; 

L = local repair cycle assuming the repair parts 
are in stock; 

L' = extra repair time required if repair parts 
are not immediately in stock. 

To arrive at a system MSRT at a particular site, a 
weighted sum involving failure rate values and the MSRT at 
the site for the first indenture level is used. The MSRT 
for the first indenture level is calculated as a function of 
repair cycle time, MSRT for lower indentured items, and MSRT 
for the item itself from higher echelon support facilities. 

for equations 2.3 and 2.4, Pa, R, and L are inputs 
to the model and are held constant. The other parameters in 
these equations are expected values determined by ACIM. 

If one divides the numerator and denominator of the 
right side of equation 2.2 by MTBF it yields: 

1 

A 0 = (eqn. 2.5) 

1 + (MSRT + MTT R) /MT3F 

Equation 2.5 calculates A 0 for a single site; if operating N 
identical systems the computation is: 



Ao 



1 

1 + N* ( MSRT + MTTR) /MTBF 



(eqn. 2.6) 
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The reciprocal of MTBF yields, for the equipment or 
component under scrutiny, the Failure Rate (FR) . If MTEF is 
measured in hours, the FR thus defined is measured in units 
cf failures per hour. To express FR as a daily rate one 
multiplies by 24 hours as shewn in equation 2.7. 



24 hours 

FR = 

MTBF 



(eqn. 2.7) 



As a proxy for MTBF, ACIM utilizes the input item 
labeled Eest Replacement Factor (BFR) . The Standard Data 
Element Dictionary [Ref. 4] defines 3RF as the total annual 
replacement for the item divided by rhe item population. 
Each component considered by ACIM has its associated ERF 
given via input item data. To arrive at a System BRF (S3RF) 
ACIM uses equation 2.8. 



SBRF = 




(POP * BRF ) 
i i 



(eqn. 2.8) 



where: BRF = the BRF of component i. 

i 

POP = the population of component i on the 
i 

system, (e.g.) if component i of the 
system were a tire and that system 
needed 4 identical tires then, POP = 4; 

M = total number of system components. 7 



The daily failure rate for a system, as defined by 
equation 2.7, can be equated to SBRF as follows: 



7 Tbe terms component and item are used interchangeably 
m this thesis. 
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FR 



24 hours 
MTBF 



SBRF 

365 days 



(eqn. 2.9) 



Failure Rate (FR) , measured in failures per day, can 
now te utilized in calculating system availability. 
Substituting FR into equation 2.5 one has: 



= 



1 



1 + FR* ( MTT R + MSRT) 



(eqn. 2. 1 0) 



ERF is calculated on an annual replacement basis 
which implies it is based upon a specified operating tempo. 
Higher or lcwer operating tempos will likely affect Aq . In 
version 2.0 of ACIM there is a user defined Operating Level 
(OL) for each system to try to account for various operating 
tempos. OL is a dimensionless quantity and defaults to 1.0 
if the user does not define it. Augmenting equation 2. 10 by 
use of OL we have: 



1 

A = (eqn. 2.11) 

° 1 + OL* FR* (MTTR + MSRT) 

If MSRT is allowed to go to zero in equation 2.11, 
the equation programmed into ACIM for the maximum opera- 
tional availability of a single system for a single site is: 



1 

A n max = (eqn . 2.12) 

1 + OL* FR* MTTR 

The above derivation terminating in equation 2.12 is 
only one of many calculations performed by ACIM; but, as 
will be seen later, its behavior is of importance. 
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3. 



Effect s cf A ssumpr i cns u pon the A 0 Calculati on 

The assumptions needed to implement this model do 
have an effect on the availability calulation and thus 
affect the systems and circumstances to which ACIM is appli- 
cable. A general synopsis of the impact of the assumptions 
upon availability is given below. 

The multi-indentured equipment network assumed by 
ACIM generally poses little difficulty; however, the user 
must be aware of the implication of this top-down breakdown 
approach. Namely, if the same item appears in different 
locations in the structure, each component is treated as a 
unique item in the operation of the model [Ref. 5]. That 
is, it is possible for the exact same item to be located on 
several indenture levels of the same system. For example, 
in Figure 2.1 an identical item may be designated both 
SRA-12 and subSRA-221 due to the nature of the equipment 
configuration. 

The effect cf the assumption of a multi-echelon 
support system can be important. If one refers to Figure 
2.2 and supposes that PIMA West Coast has five of a partic- 
ular component in stock and PIMA West Pacific has a demand 
for this component tut has none in stock, ACIM will not 
allow PIMA West Pacific to be resupplied by PIMA West Coast. 
Resupply must come from a higher support echelon. This 
tends to understate availability by creating a situation in 
which MSRT is generally overstated. 8 

The one-for-cne ordering policy precludes considera- 
tion cf economies of scale for resupply. In reality the 
supply system managers must address things such as Economic 
Order Quantity and bottlenecks in the supply processing 
cycle. The effect of this one-for-one ordering policy 



8 How . to accurately represent multi-echelon support 
systems is a very complex topic and is non addressed here. 
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assumption tends to understate MS RT and thereby overstate 
availability. 

The inability to generate demands whenever or.e or 
more systems are down tends to over-estimate availability by 
reducing the opportunity time for a failure. The greater 
the number of systems operating, the more difficult this 
assumption is to reconcile. 

The fact that ACIM considers equipment usage at only 
the lowest echelon reflects a limitation in use of ACIM to 
systems that at least approximately conform to this 
restriction . 

In defining availability as ACIM does, one must 
assume the operating tempo of each system is A 0 percent of 
that given in the input data. This means that if a system is 
supposed to operate at 100 hours per month and availability 
is measured at 50 percent then one tacitly assumes the 
system operates at only 50 hours per month [Ref. 6]. The 
reason that this happens is because the demands provided by 
the input data through the ERF's are themselves based upon a 
specific operating tempo. In this example, if one spared 
the system for 50 percent availability this would be approx- 
imately the same thing as sparing on the basis of 50 percent 
of planned operating tempo. A user aware of this situation 
can utilize the OL variable that is mentioned in Section 
II. C. 2. However, use of the OL variable at other than its 
default value of 1.0 automatically makes a further assump- 
tion; that is, each component's BRF is similarly and 
linearly affected by a change in operating level. Since 
parts are spared at a rate proportional to OL the original 
problem cf sparing to 50 percent of the operating tempo has 
not disappeared. 
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D. INPUT DATA 



There are two general classes of data which are defined 
as inputs to the Availability Centered Inventory Model-- 
system-related data and item-related data. The system- 
related data is a file with records in different formats 
which give policy parameters, default values, model options, 
and definitions of sites involved in the operation/support 
of the equipment. The item-related data gives a variety of 
factors that define and describe individual parts within the 
equipment. A basic set of item data is given in one file, 
with additional item data being given (optionally) in a 
second file. The various input files and included record 
formats are identified as follows: 

System Data Pile: 

Fermat A - Options and Default Values 
Format FA- COSAL Eolicy Parameters 
Fermat FB- .42 Provisioning Parameters 
Format FC- DICP Wholesale Policy Parameters 
Fermat L - Site Data 
Item Data File: 

Fermat I - Easic Item Factors 
Additional Item Data File (Optional) : 

Format J - MSRT Parameters and Specified Levels 

For a few data elements, default values are automati- 
cally inserted by the model if not given in the input data. 
The following format descriptions are very general; the 
specifics for the format files are contained in Appendix A. 

1 . System Data File 

The system data file contains five different formats 
as illustrated above. The formats are identified by an 
alphabetic letter in the first column of each record. All 
of the records are eighty columns long. They are arranged 
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in sequence according to the format identification in the 
first column. 



a. Format A - Options and Default Values. 

The user, via what is commonly refered to as the 
"A-cara", must choose the following options for the system: 
the type cf optimization mode 9 , comparison policy. Mission 
Essentiality Code (MEC) , and default MSRT. Other information 
placed on the A-card is equipment MTTR , investment target, 
availability target, response times. Depot Procurement Lead 
Time (DPLT) , depot repair cycle, and scrap rate. 

As will be described later, one of the outputs 
from ACIM is a Cost-Effectiveness Report. The control input 
parameter for this report is provided on the A-card. By the 
user’s choice, the lines of the report are commanded to be 
printed by either a specified change in the total number of 
items stocked or, by a specified change in the availability, 
or lastly, due to a specified increase in the dollar 
investment. 



b. Format FA - COS AL Policy Parameters 

There is only one record in the "FA*' format; it 
provides needed factors for operation of the MCO and FLSIP 
COSAL policies. The data elements on this record include 
format identification, type of data, MCO formula parameters, 
MCO risk floors, MCO risk ceilings, FLISP parameters and CNA 
policy parameters. 



9 The three optimization modes, pure optimization, 
enhanced optimization, or fixed comparison policy are 
defined in Appendix A, and II. E. 2. 
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c. Format FE - .42 Provisioning Parameters 

There is only one record in the "FB" . format ; it 
provides needed factors for operation of the Department of 
Defense Instruction 4140.42 provisioning policy. The data 
elements include type of data, range, depth, shortage and 
holding cost, spot buy rate, low, high and breakpoint 
procurement costs, non-stocked procurement cost and zero 
demand probabilities. 

d. Format FC - UICP Wholesale Policy Parameters 



There is only one record for the "FC" format; it 
provides needed factors for operation of the Uniform 

Inventory Control Point (UICP) wholesale policy. The data 

elements include type of data, obsolescence factor, manufac- 
turing setup cost, shortage cost, holding cost, stocked 
procurement costs (high, low, and breakpoint) , and non- 
stocked procurement cost. 



e. Format L - Site Data 



There is one record in the "L" format for each 
different kind of user or higher level maintenance/supply 
activity in the support system for the equipment. The model 
is limited to ten such activities; thus, the number of 
Format L records m'ust be ten or less. The elements of this 
card seek to define relevant components of a particular site 
by using the following data elements; site name, indenture 
level, echelon, stcckage facility, repair facility, lead 
time, repair cycle, number of locations, number of equip- 
ments, comparison policy, ACia policy, operating level and 
the levels output format to be utilized. 
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Item Data File 



2 . 

The item data file contains one record for each item 
of the equipment to be included in the operation of the 
model. Even though data corresponds to values of an 
Override Code given as one of the data elements: the length 

cf records in this file must be at least eighty columns (the 
record may be longer if reference data not needed by the 
model is entered after column eighty) . Whenever a data 
element conforms exactly to one contained in the Supply 
Maintenance Program Standard Data Element Dictionary, NAVSUP 
Publication 508, (commonly referred to as the DEN 
Dictionary) , then the DEN Dictionary reference will be 
cited. Erief descriptions of the data elements are included 
in Appendix A. Data elements included in the Item Data file 
format are: reference number, indenture level, part number 

(DEN D046D/C002B) , nomenclature (DEN C004) , cognizance coda 
(DEN COOS), number per next higher assembly (DEN D011), unit 
cost (DEN B503) , SMSE codas (DENS D0 1 2/D0 1 3/D013C) , ERF (DEN 
F027) , C1EU (DEN C007) , MEC (DEN C008S) , override cede (DEN 
C007B) , overide amount (DEN C007A) , and if desired addi- 
tional references may be added after column eighty. 

3 • Add iti o nal Item Dat a File 

The additional item data file, or J-card file, was 
modified by Henry Watras when ACIM, version 2.0, was imple- 
mented at NPS . The use of the J-cards is a user option. 
Rather than relying on default values, each item may include 
additional information: user-MSRT, procurement lead time, 

depot repair cycle, scrap rate, annual wholesale demand, and 
stock levels for up to ten specific sites. 
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E. MODEL DESCRIPTION 



Figure 2.4 presents an overview of the ACIM. As 
described above, input data consists of two main classes, 
system-related and item-related. These data enable the 




Figure 2.4 ACIM Structure. 

three seperate programs (PRE, MAIN and POST processors) of 
the model tc be operated. 

1 . Fre pro c e ssor 

The first program (Preprocessor) has four main func- 
tions. First, it reads the input data and determines the 
number of items and included assemblies and included user 
sites. Once this is accomplished, the values of the four 
parameters Mean Supply Response Time (MSRT) , procurement 
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lead time, depot repair cycle and scrap rate are estab- 
lished. Second, stcckage levels are computed (or read in 
from input data) for the designated comparison policy. 
Third, each item is married with assigned parameter values 
using either the item data file or system default factors. 
Finally, if only Consolidated Ship Allowances (COSAL) are 
being computed, then MSRT for user sites are assigned from 
the item data file or default factors. Results of these 
steps are written tc the temporary data sets, TEMPC and 
TEMP 1 . 

2 . Main Model 



The second program (Main Model) calculates stockage 
levels in accordance with ACIR. The calculation is itera- 
tive in nature and fellows the following basic approach: 

Step 1: Assume that stock levels for all items and 

locations are given. 

Step 2: Find the item and location for which a stock 

level increase of one unit will provide the 
largest increase in system availability per 
dollar . 

Step 3: Increase the stock level of the selected item 

and location by one unit. 

Step 4: Go to step 2 unless the availability goal or 

budget constraint is reached. 

When ACIM is run in the pure optimization mode, the 
process starts with zero stock levels for all items and 
locations. However, for ether types of optimizations the 
levels for some or all items and locations are given at the 
start of the above listed stepwise procedure. At the 
completion of this algorithm the stockage levels represent 
the results of using the ACIR. At the option of the user, 
cost effectiveness reports, which are intermediate results 
of the Main Model, may be obtained. An example of a cost 
effectiveness report is shown in Figure 2.5. 
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3 « Pos tpr o cesso r 

The third program, the Postprocessor, takes informa- 
tion from the first two programs and produces two output 
reports and an output data file. 

The first report. Levels by Item Summary Report, 
lists ty sequence number all parts utilized at all sites 
(one report per site) along with a summary for each item. 
The second report, the Statistical Summary Report, yields 
overall results for both ACIR and the chosen comparison 
policy. 

The Postprocessor final action is to write to the 
output data file. This file takes the system input data and 
appends to each item the number of sites, stock level for 
the comparison policy and the stock level calculated by ACIR 
for the given item and site. 10 

4 • ACI M (ge nerated Reports 

a. Cost Effectiveness Report 

An example of a cost effectiveness report 
produced by ACIM is shown in Figure 2.5. The ITEM column 
represents the sequence number of the item whose stock level 
is being increased by one unit. The next two columns are 
the cost of the item being incremented and the site number 
being augmented. The column labeled LEVEL shows the new 
stock level for the given item and site. The Mean Supply 
Response Time (MSRT) column displays the MSRT for the equip- 
ment as a whole after the stock has been incremented; this 
value will continue to decrease for a given site. The 
sequence number of the user site causing the increase in 
stock level is entered in the USER column. The ASUBO of the 
user site benefiting most from the stock level increase is 



lOThe output data file is an not utilized in this 
thesis. 
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AVAILABILITY CENTERED INVENTORY MODEL (ACIM) VERSION 2.0 
COST-EFFECTIVENESS REPORT 
SH60B 
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Figure 2.5 Cost Effectiveness Report. 

reflected in the ASUEO column; this value will continue to 
increase for a given site. The CUMCOST column shows the 
cumulative investment for spares in toto up to that point in 
the iterative solution cycle. The CODE column identifies the 
criterion which caused the report line to be printed. In 
this example a cede cf "A" reflects the fact that an incre- 
ment cf availibility caused the line to be printed. The 
CONTROL column number is used to verify that the model is 
operating correctly. If the number doesn't continually 
decline in value in a given application, then there is seme 
fault in either the model or the data. 

t. Levels by Item Summary Report 

Figure 2.6 gives a partial listing of a Levels 
by Item Summary Report. The Levels by Item Summary Report 
is much more detailed in ACIM, version 2.0, as compared to 
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AVAILABILITY CENTERED INVENTORY MODEL (ACIM) VERSION 
SH60B LEVELS BY ITEM SUMMARY REPORT 

SITE 1 - DDG 

MODE: OPTIMIZATION 

COMPARISON POLICY: .95 PROTECTION 
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Figure 2.6 



levels by Item Summary Report. 
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163 2 INDICATOR, UEI 



earlier versions, and some of the columns need amplifica- 
tion. Column IND represents the indenture level of the item 
within a system. CCG column displays a two position code 
prefixed to Federal Stock Numbers to identify and designate 
the organization which exercises supply management of the 
item. In Figure 2.6, a COG of 1R desiginates Naval Air 
Systems Command (NAVAIH) . POP indicates the population of 
that item on the system. The Military Essentialty Cede 
(MEC) column represents the relative military importance of 
an assembly in relation to a higher component, equipment or 
mission as outlined in OPNAVINST 4423.27. The OVR columns 
present the override code used for each item under both the 
comparison and the ACIR stockage policies. Appendix A 
contains further explanations of specific override codes. 
Finally, Order and Ship Time (O&ST) column refers to the 
effective OSST for the item at user-level sites. This is 
the same as MSRT for the item if one assumes a zero stock 
level at the user site. 

c. Statistical Summary Report 

The last report, the Statistical Summary Report, 
is designed to show the overall results of the model in 
terms of stockage cost and performance. The first group of 
statistics shown in Figure 2.7 give an accounting of items 
in the system in terms of total number and numbers excluded 
from stockage at the given site for various reasons. 

The second group of statistics give an 
accounting of all stockage candidates in terms of the number 
of different items stocked and the percentage of candidates 
that are stocked. 

The third group of statistics specifies the 
investment (in thousands of dollars) for stocked items and 
is calculated by multiplying the item unit cost times its 
associated stock level and then summing the resulting 
products. The non-stccked investment is calculated as the 
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AVAILABILITY CENTERED INVENTORY MODEL (ACIM) VERSION 2.0 
STATISTICAL SUMMARY REPORT 

SH60B SITE 1 - DDG 

MODE: OPTIMIZATION 

COMPARISON POLICY: .95 PROTECTION 

COMPARISON POLICY ACIR POLICY 



TOTAL NUMBER OF ITEMS 441 

# DELETED BY OVERRIDE CODE X 0 

jj? EXCLUDED BY OVERRIDE CODE Y 1 

jH EXCLUDED BY SM6R CODES 0 



0 

1 

0 



NUMBER OF STOCKAGE CANDIDATES 440 

» ITEMS STOCKED 135 

# ITEMS UON-STOCKED 305 

PERCENT STOCKED 30.69 

1 UNITS STOCKED 165 



440 

439 

1 

99.70 

872 



INVESTMENT ($000) 
STOCKED 
NON-STOCKED 



4201.733 10362 . 583 

1354.240 223.385 



PERFORMANCE 
FILL RATE 

EXPECTED UNITS-SHORT 
BACKORDER-DAYS 
OPERATIONAL AVAILABILITY 
ACHIEVED 

MAXIMUM ATTAINABLE 



0.74 7 
31. 511 
1666. 733 



0.995 
1.335 
32 . 965 



0.20583 0.95024 

0.97082 0.97082 



t 
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Figure 2.7 Statistical Summary Report. 



unit cost times MRU (Minimun Replaceable Unit) summed over 
all stockage candidates with a zero stockage level. 

The last set of statistics give several perform- 
ance measures fcr the inventory as a whole. Operational 
availability statistics are provided for the user and are 
calculated by both ACIR and a comparison policy. 
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iii. pack-up kits, aciM and the limps mk hi 

The concept of Pack-Up Kit (PUK) will now be developed 
by examining the specific PUK for the LAMPS MK III. The 
specific scope and make-up of a PUK is not a universal 
constant. Generally, a Pack-Up Kit is an aviation-oriented 
consolidated Ships Allowance List (COSAL) . The goal of a 
PUK is tc maintain sufficiert spare parts in stock to ensure 
a 90-day self-sufficiency period during which resupply is 
considered unavailable [ Bef . 7], In the case of the LAMPS 
MK III, a PUK, positioned on board a host ship, theoreti- 
cally contains all the spare parts necessary to allow the 
aircraft tc perform its missions at a pre-deter mined oper- 
ating level for a 90 day period. 

The Availability Centered Inventory Model (ACIM) 
employs, in the Mair-proc esscr program, the Availability 
Centered Inventory Buie (ACIB) . ACIR is used by ACIM when 
performing the availability calculations. The ACIE selec- 
tion process can be biased by the presence of bit-and-piece 
parts or high-usage, low-priced items which are non- 
essential for mission fulfillment. This means that if the 
Availability Centered Inventory Rule is to be used to stock 
for the LAMFS MK III, then an availability-centered inven- 
tory list must be developed which is devoid of non-essential 
parts. The bit-and-piece parts, because of their low cost 
per item and their essentiality, are assumed to be on hand 
and are net present in the availability-centered allowance 
list. Therefore, the LAMPS MK III PUKs examined in this 
study are not selected from all possible stockage candi- 
dates. However, the exclusion of non-essential parts from 
the ACIB computation model dees not imply that no repair 
parts of this type should be stocked aboard ship. It does 
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imply that the conventional Fleet Logistic Support 
Improvement Program (FLSIP) allowance normally provides 
adequate coverage for this material. [Ref. 8]. 

The term essential part is logically tied to a specific 
mission. In turn, the definition of operational avail- 
ability, A , used in ACIR is tied to mission requirements. 
For example, a particular radio frequency signal multiplexer 
may be essential to mission performance for Anti-Submarine 
Warfare (ASW) , but the same multiplexer may be of no value 

in an Anti-Ship Surveillance and Tracking (ASST) mission. A 

down-time created by the failure of the above mentioned 
multiplexer is only relevant for an availability calculation 
based on an ASW mission mandate. If the user of ACIM estab- 
lishes an availability-centered allowance list capable of 
supporting multi-mission criteria, (e.g. both ASW and ASST), 
the resultant effect on calculations becomes ambiguous. One 
cause of the ambiguity relates to the model assumption of 
Poisson arrival of failures. If a failure occurs, then it 
is assumed that the aircraft experiences a down-time where 
no more failures may occur. In a multi-mission environment 

it becomes more likely that this assumption will be violated 

because the failure of a part may not create down-time may 
but merely shift the crew to an alternate mission were mere 
parts failures may occur. In order to minimize the uncer- 
tain effects of a multi-mission sparing criteria an attempt 
was made to have the stockage candidates in the 
availability-centered allowance list be as consistent as 
possible with the definition of availability. This was 
accomplished by defining a single, specific, subordinate 
mission as the basis for the availability calculation of the 
LAMPS MK III, and then orienting the availability-centered 
allowance list around this mission definition. 

In order to match the availability-centered allowance 
list in the most straightforward manner with ACIR 
computational restrictions, a very basic mission became the 
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basis for defining operational availability. Only these 
parts necessary tc support the aircraft for Mission 
Capability (MC) were included in the availability-centered 
allowance listing. For the purposes of this study, MC 
defines the ability tc perforin a basic communications relay 
mission. Although the primary mission of ASW and secondary 
mission of ASST are not specifically spared in this study, 
the above definition of operational availability does not 
limit the aircraft from being Full Mission Capable (F MC) 
during any or all of its availability period. That is, MC 
becomes a lower bound case for capability during the periods 
of operational availability. 

Now that the mission to which the operational avail- 
ability calculation is tied becomes clearer, the task of 
generating the availability-centered allowance list from 
which the Pack-Op Kit is chosen must be addressed. The data 
under analysis were developed according to Availability 
Centered Inventory Rule Shipboard Allowance Development 
Procedures Handbook (NAVSEA TL-44 1- AA-HBK-0 1 0) . The proce- 

dures outlined are in no sense mathematically optimal. They 
were developed as a compromise between existing real world 
constraints and mathematical optimization [Ref. 9]. The 
results yield a relatively small availability-centered 
allowance list of 440 items. These items are enumerated in 
Appendix B. This contains a complete listing of the orig- 
inal, or benchmark, item data file. The item data file is 
also referred to as the I-cards. The I-cards were received 
from the Center for Naval Analysis. The dollar- valued 
information is given in 1983 dollars. 

The reader should now realize that the term Pack-Up Kit 
(PUK) has a very specific meaning in the context of this 
study. The PUK comprises items that are selected from an 
availability-centered inventory list which is developed 
according to pre-established procedures but tailored 
according tc user needs. 
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Only one LAMPS MK III will likely be deployed per desig- 
nated ship. Therefore, this study is designed to observe 
PUK sparing as seen by ACIM for a single LAMPS MK III oper- 
ating on a ship with no repair capability other than 
organizational-level maintenance. This level of maintenance 
is equivalent to remove and replace maintenance capability 
only. The only aircraft stockage sources aboard the ship 
are considered to be those contained within the PUK, bit- 
and-piece parts, and FLSIP provided non-essenxial parxs. 
Therefore, the general environment under which the PUKs for 
this srudy are developed is defined as a single-site, 
single-echelon, single-aircraft problem. 

The focus will now shift to developing a framework for 
studying the effects on LAMPS MK III PUKs that ACIM envi- 
sions under various circumstances. 
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IV. ANALYSIS OF ACIM SPARING OF LAMPS MK III PUKS 
A. INTRODUCTION 

The three general categories of scenarios examined 
through ACIM with the availability-centered allowance 
listing for LAMPS MK III were: 

1) Availability-constrained ACIM optimization, 

2) Budget ^constrained ACIM optimization, and 

3) Fixed-stockage performance. 

Prior to the beginning of the analysis a method and 
structure for comparison was developed and is presented 
below. 



B. ESTABLISHING BENCHMARKS FOR COMPARISONS 

In studying the sensitivities of the various parameters 
it is useful to establish a well-defined set of benchmarks 
for comparison. The orginal CNA I-card data (item data) 
contained in Appendix B was used in computing benchmarks. 
But to be meaningful, the benchmark A-card and L-card param- 
eters must also be outlined. Appendix C contains benchmark 
A-card and L-cards. 



Benchmark A-card parameters are: 

Run options: All run options were at their 

default settings. 
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Equipment MTTR: The mean time to repair an item 

was provided by CNA at .062 days or 1.488 hours. 
This repair time is applied equally to all items 
that fail and there is no model provision to 
assiqn hiqher or lower MTTRs to specific items. 

Availability target: If ACIM is utilized in the 

availibility constrained optimization mode then 
the CNA provided value of 82.4 percent target 
availability was used. If budget-constrained 
optimization was desired 99.9 percent was 
assi gn ed. 



Investment target: If ACIM were used in the 

availability-constrained optimization mode then 
this target data field contained all 9's to ensure 
the availability constraint was active. After one 
model application, using all benchmark parameters 
for the constrained availabilty problem, a budget 
of $5,222,378 was required for the PUK. This 
figure became the budget constraint for budget- 
constrained optimization uses of ACIM. 



Part number field size: The default value was 

used . 



User-MSRT: Both Navy and DLA user-MSRTs were 

always the same and the Navy standard, 420 hours 
[Ref. 10 ], were entered as 17.5 days for the 
benchmark. In the single-echelon, single-site 
application the response time includes administra- 
tive and transportation delays and also a delay 
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attributable to the chance that the higher supply 
source may be out of stock; therefore, in this 
study user-MSRT is equivalent to OS&T when a part 
is not on hand. 



Depot Procurement Leadtime (DPLT) : This is not a 
factor in a single-echelon, single-site scenario, 
but a value of 365 days was input. 



Depot Repair Cycle: A value of 83 days was input, 

but neither DPLT nor depot repair cycle time are 
used by ACIM in a single-echelon, single-site 
situation. For the type of PUK-only computation 
in this study the pertinent supply factor becomes 
the total amount of time it takes the user site 
(Organizational Maintenance for an embarked LAMPS 
MK III detachment) to receive a replacement part; 
the length of time ACIM uses for this is repre- 
sented by user-MSRT. 



Scrap Hate: The scrap rate is set to a default 

value cf five percent but has no effect since the 
repair side of the model is essentially deacti- 
vated for the purposes of this study. 



Eenchmark L-card parameters: 



Indenture Level: There was only one level, there 

fere an indenture code of "1" was entered. 
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Echelon Code: An "0" was inserted to represent 

organizational maint enance/supply facility. 



Stockage facility: An "X" was entered to indicate 

that the site maintains inventories of spare 
parts. 



Repair facility: The "0" level maintenance is 

considered to have no repair capability other than 
remove-and-replace ; therefore, no mark is entered 
to reflect this. 

Lead time: This value was not used by ACIM in 

this study. 

Repair Cycle: This value was not used by ACIM in 

this study. 



Number of locations: A default value of one is 

used . 



Number of eguipments: A default value of one is 

used. 



Comparison policy: The user defined J-card option 

was selected. The stockage levels generated by 
ACIM when one constrains availability to 82.4 
percent and uses benchmark parameters were deter- 
mined. Then, these stockage levels were entered 
on the Additional Item Data File (J-card) records 
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for use by the J-card comparison policy. This 
method is also termed a f ixe d-stockage comparison 
policy throughout this paper. 

ACIR policy: The "pure optimization" mode was 

used . 

Availability target: The value entered on the 

A-card was used by default. 

Operating factor: The benchmark is the default 

value of 1.0. 

As discussed above, only selected benchmark parameters 
were varied. In Table I is a summary of A-card and L-card 
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TABLE I 


i 


A-card and L 


-card Benchmark Parame 


ters 


Parameter 


Benchmark value 


Car d location 


Availability target 


.824/. 999 


A-card 


Investment target 


99999999/5,222,387 


A-card 


user-MSRT 


17.5 days 


A-card 


eguipment MTTR 


.062 days 


A-card 


operating level (CL) 


1.0 


L-card 

i 



benchmark parameters that were studied. For availability 
target and investment target parameters the first benchmark 
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